With the progress and development of science and technology, two-dimensional information display mode cannot meet the needs of information acquisition, three-dimensional information display mode has become the mainstream development direction of information display. Rock mass tunnel is a kind of structure body that crosses the obstacle of mountain body. Because its construction environment is in mountain body, it is not convenient for design and construction personnel to observe the construction situation and the development of tunnel at any time. Therefore, 3D MAX modeling for dynamic demonstration of tunnel space can better guide the design and construction, feedback the information from the site to the staff in time, and achieve the purpose of information design and construction. The paper comprehensively expounds the technical process of 3D modeling of tunnel structures based on 3D MAX modeling software, and deeply discusses the key technical problems. The 3D MAX based rock mass tunnel modeling is dissected through actual cases.
Introduction
3D MAX is a 3D software of Autodesk Company. In 3D modeling, 3D MAX has a cross-era significance. It has a very powerful modeling, material, lighting, rendering system, can easily create a variety of models and animation, and relatively simple operation, widely used in advertising, film and television, industrial design, architectural design, auxiliary teaching and engineering visualization and other fields [1] . Three-dimensional modeling technology has been developed in China for more than 30 years, especially in the past few years, such as panoramic map, virtual reality, Internet of things and other high-tech applications in the field of architecture, but also for the application of three-dimensional modeling technology opened up another world. Because of the powerful modeling function of 3D MAX software, its application in engineering field is more and more extensive.
With the rapid development of transportation industry in China in recent years, tunnel excavation is becoming more and more common. Because the tunnel will be faced with various problems in the excavation process, at the same time, the country pays more and more attention to the safety of tunnel excavation, traditional static pictures, CAD design drawings, documents and other forms exist: poor visual effect, poor interaction and other shortcomings, has not been able to meet the growing size and complexity of tunnel projects [2] . With the popularization and application of 3D modeling technology in engineering field, 3D virtual modeling technology can provide a good solution to the above problems. In this paper, 3D MAX is applied to the tunnel modeling structure to give full play to the advantages of 3D MAX modeling. The 3D MAX modeling technology is used to describe in details the workflow of tunnel modeling, and the key technologies are discussed to provide help for the smooth construction of the tunnel.
Basic Theory and Technology

3D Structural Modeling and Representation
Three-dimensional tunnel modeling technology is divided into two categories: geometric based display and image based display. The former is based on a large number of geometric data, build a model to display 3D scene; the latter makes use of discrete or continuous images collected by external equipment to optimize and organize to generate realistic three-dimensional scene. The display effect of this method is not related to the complexity of 3D scene, but only to the captured images. However, there are some problems in image display technology, such as insufficient interactivity and so on. Therefore, we use geometric based display technology to build 3D model of tunnel [3] .
The model requires that the tunnel engineering features can be previewed in the computer, showing the overall and partial characteristics of the tunnel. Due to the complex structure of the tunnel model, it can be composed of simple geometry, which can be displayed by translation, rotation, scaling and other commands to form a complex or irregular model. The realization process mainly includes three dimensional space transformation, blanking treatment, light treatment, texture mapping and so on.
Three-dimensional Space Transformation. Make 3D model of tunnel. There are many ways of modeling, compound objects modeling is a common method. Such as the use of 3D MAX "built-in geometry" to create a cube, sphere and other common geometry, and by modifying the editor to create a model; spline modeling is a method of converting two-dimensional graphics into three-dimensional models. In this method, 2D spline lines are first drawn, then spline lines are processed, turning, extruding, chamfering and other modifiers are added to complete the creation of some linear objects and 3D models.
Blanking Treatment. The 3D geometry to be displayed is usually made up of multiple patches. Because the 3D geometry itself is constructed and observed in different ways (that is, projection), the visibility of the objects that can be observed at the same time are often different. The purpose of blanking treatment is to eliminate the hidden surface of objects. It reflects how objects block each other and enhances the depth and hierarchy of graphics. Its most obvious advantage is to eliminate the ambiguity of vision.
Light Treatment. After blanking treatment, we can get close to real object graphics, but its reality is not enough. Light treatment is one of the important steps to generate realistic graphics. The elements of generating realistic graphics include: the geometric appearance of the object itself, the characteristics of the surface of the object (including the roughness of the material, the sensitivity, the color and texture of the surface, etc.), the light source of the object and its relative position with the object.
Texture Mapping. Texture mapping is to map the texture pattern to the surface of the object model to represent the appearance of the object as truthfully as possible, which plays a very important role in the 3D graphics programming.
Characteristics of Rock Mass Tunnel Modeling
The regional geological structure of rock mass tunnel modeling area is complex and the tunnel location relationship is changeable. According to the functional characteristics, the model should not only have a good visualization effect, but also be easy to express tunnel feature information.
Specifically speaking, the model should have the following characteristics:
Contains basic information. That is, the 3D model should reflect the geometric information of the tunnel engineering object and reflect the spatial attribute of the project. The construction of complete engineering arrangement in the computer can be observed from a variety of perspectives and paths, which can not only see the whole view of the tunnel project in the distance, but also understand the detailed structure in the vicinity. It includes: internal structure information of tunnel, topographic information of tunnel engineering area, stratum geological information of inner region and surrounding rock, information of construction machinery and equipment, etc.
The model needs to have good expansibility. When modeling, be careful to use uniform unit sizes to avoid the trouble of merging scenarios. It is easy to manage and develop the following interactive mode and realize the 3D scene display function of tunnel.
In summary, with the description of the tunnel engineering scene, the internal construction individual static description, and finally realize the construction and display of the geometric carrier model of the mountain tunnel engineering.
Establishment of Visualization Model for Rock Mass Tunnel
The essence of establishing three dimensional model of rock mass tunnel, it is the visualization expression of the information of the original geological data of the region in which the tunnel is located, the geological structure of the stratum and the information of the space position and structure size of the relevant tunnel in the computer. According to the characteristics of tunnel modeling, 3D terrain, typical geological structure, tunnel internal structure modeling and related equipment modeling are considered in modeling. 
Modeling Data Acquisition
Data acquisition is the foundation of tunnel modeling. The accuracy of data directly determines the level of the degree of simulation. Good data acquisition can lay a solid foundation for accurate modeling. The data collection content is as follows:
Three Dimensional Spatial Data Acquisition. The key point coordinates of modeling object in space can accurately locate the position of each object. The key data of the tunnel, such as tunnel section, length and direction, can basically determine the 3D spatial information of the tunnel. The establishment of 3D tunnel model is mainly based on the existing tunnel planning data as the main source of spatial data, including roadway section diagrams, excavation engineering plans and other CAD drawings, as shown in Fig.2 . In the later period, the 3D spatial data of tunnel can be obtained by laser scanning equipment, and the size and shape of tunnel scene can be completely restored [4] .
Data Acquisition Method of Ground Surface and Stratum. The ground surface data includes the area where the tunnel is located, 1:10000 terrain, satellite image of meter resolution, ground surface construction, road and other data. Stratum data includes relevant geological lithology, important faults and other data. The above data can be collected through surveying and mapping achievements and field collection.
Tunnel Scene Terrain Modeling
By adding the real terrain condition and environment into the tunnel modeling, the environmental structure of the rock mass tunnel can be clearly demonstrated, which can realize the combination of the environmental display and the construction information of the three-dimensional mountain tunnel, which is helpful for people to understand. More information will be provided for construction management and decision-making. Therefore, topographic and geological modeling of rock mass tunnel is an important aspect.
The data sources of 3D ground surface model are different according to the actual situation of engineering, but the most important data come from the contour map of Auto CAD. In general engineering, in the design stage, the basic measurement data are provided. These data include contour maps, through which ground surface models can be generated [5] . The contour information is read from the DXF file and dispersed into a series of irregular point sets. For the irregular distribution of elevation points, it can be formally described as an unordered point set P in the plane, and each point in the point set corresponds to their elevation points. When the elevation points are densely distributed, spatial interpolation can be directly converted to a TIN grid without spatial interpolation. Texture mapping can be realized by reading ground surface image data. The texture coordinates of ground surface nodes are usually determined by the UVW mapping function of 3D MAX [6] . An example of a 3D ground surface model based on elevation information is shown in Fig. 3 : In 3D MAX, stratum layers and boundary faces are added to form three-dimensional entities. In fact, a Boolean clipping operation is performed on the already established regional terrain contour body and the upper and lower interfaces of the stratum, so that the stratum solid model reflecting the tunnel area can be more conveniently obtained.
Tunnel Model Modeling Method
3D
Modeling of Tunnel Body. The tunnel body model is a geometric object model. A tunnel building is generally a collection of several tunnels. In the generation of the three-dimensional model of the tunnel, the spatial structure of the tunnel can be treated as a section reflecting the basic shape of the tunnel and a central axis representing the direction in which the tunnel extends. The shape of the tunnel section controls the geometry and the center line of the tunnel controls its spatial position.
Tunnel section is an important parameter in geometric modeling, which mainly includes arch, circle, rectangle, trapezoid and etc. Taking the arched section as an example, to simulate the tunnel section, it is necessary to obtain the geometric control points of the section from the design data. The lateral wall of the tunnel is determined by the upper and lower endpoints of the side wall, and the height of the tunnel is obtained by the control point of the top arch. When the cross-section data of the tunnel are obtained, the control points of the first and the tail tunnel sections can be obtained according to the data of the starting node and the terminal node respectively. In the process of obtaining control points mentioned above, in order to be convenient for calculation, local coordinate system is usually set in 3D MAX, so it is necessary to transform all control points' coordinates into coordinates in the same coordinate system. After obtaining the coordinates, the section of the tunnel can be constructed, the center line is the axis of the bottom plate of the tunnel, and the three-dimensional model of the tunnel body can be established by using the lofting along the axis. Finally, the tunnel is operated by entity set, the redundant curve or curved surface is eliminated, and the repeated parts are combined to obtain the complete 3D geometric model of rock mass tunnel. Modeling of Tunnel Connection Part. In rock mass tunnel engineering, the tunnel is interlaced, and the tunnel exists in the form of space network. In the process of building a geometric model, it is necessary to consider the case of tunnel interleaving. In order to simulate the effect of tunnel intersection, it is necessary to perform the operation of intersecting and cutting two tunnels. The cutting of any two tunnels can be attributed to the mutual cutting of two polygons because the surface model of the tunnel is also composed of polygons. By using Boolean operation of geometric objects in 3dmax, the exterior normal direction of tunnel surface is taken in the process of tunnel generation. Finally, the reverse part of the plane in which the polygon is cut is removed when two polygons are cut, and the modeling of the special connection part of the tunnel is realized. The Tunnel Intersects the Mountain. The intersection of tunnel and mountain is to unify the tunnel model with the three-dimensional terrain model and to provide the terrain information and geological analysis which are closely related to the project in order to truly serve the construction of the project.
Taking the 3D terrain model as the object, the tunnel model is used to perform a series of Boolean difference operations between the body and the body, and thus the rock mass tunnel model is obtained. The model can reflect both terrain information and the construction of tunnel buildings under corresponding conditions simultaneously [7] . The specific steps are as follows: according to the design parameters of the tunnel, the three-dimensional solid shape of the tunnel is generated; the generated tunnel and the stratum are subtracted, and the stratum part is partially layered, and the tunnel and stratum information are intersected to make the tunnel reflect the stratum information. 
Tunnel Modeling Post-optimization
The sense of reality of the 3D model depends largely on visual perception. In order to make the model more realistic, vivid and true, according to the characteristics of the project, it is necessary to use some methods and techniques to improve the visual effect.
The Arrangement of Scene Tone
Tunnel scene is huge, need to have a higher grasp of the overall tone and atmosphere of the tunnel. In order to maintain a consistent bright tone, the color of the model, lighting effects and so on must be coordinated, as much as possible collection, collation of possible use of various materials, including construction pictures, actual photos, videos, models, texture mappings and so on. The atmosphere of the scene should coincide with the construction environment, and all kinds of construction scenes need to be reconstructed in the computer according to the real environment.
The background of tunnel construction will directly affect the visual effect of the whole scene. The performance of the tunnel scene requires the selection of appropriate lighting, and the color, intensity, shadow, and illumination distance of the lighting are reasonably set to simulate the color and atmosphere of the construction scene, such as the dim light in the tunnel and the smoke and dust effect in the tunneling. It can be created by using the "Particles Illusion" plug-in, which creates real smoke, dust and other scenes. The final result is shown in Fig. 7 : 
Mapping and Surface Number Processing
Because the construction scene is huge and the process of tunnel modeling is complex, once the scale of the model database exceeds the processing capacity of the system, there will be instability of frame frequency, jitters or jump of rendering image, and so on. Therefore, under the premise of ensuring the visual effect of the scene, try to use less number of faces to represent the scene [8] . For the secondary model and the smaller model, the performance should be simplified, and the face that is not displayed should be deleted. In the process of production, try to optimize the texture mapping of the model to ensure the efficiency of drawing. Use the same material and texture for the same or similar model, avoid using complex texture mappings or setting the color of the model to replace the texture mappings. 
Summary
3D MAX provides powerful modeling tools such as standard basic body, extended basic body, composite object, basic geometric figure, editable spline line, editable polygon, facet modeling, editable mesh, NURBS modeling, polygonal based modeling tools and dynamic modeling, etc., through the comprehensive use of these modeling tools and with many modified tools of 3D MAX, we can make most of the models in the construction process. This paper builds a tunnel model based on 3D MAX. It introduces in detail the preparation work of model construction, how to build the model and post-processing work. The same steps can be applied to other modeling work on 3D MAX, such as campus modeling, indoor modeling, community modeling, etc., achieve the modeling of various other buildings.
